Abstract
Background -End tidal inspiratory activity (ETIA) in diaphragm and parasternal intercostal muscles can be evoked in man and in animals by administration ofhistamine. Exacerbations ofasthma and administration of histamine are often accompanied by hyperinflation. The aims of the study were to determine (1) the magnitude of ETIA in response to histamine in man, (2) (Neurolog, Digitimer) . The integrated activities of the diaphragm and intercostal muscles, the volume signal of the wedge spirometer, and the oxygen concentration of the gas in the breathing circuit were recorded with a multichannel X-t recorder (Kipp, The Netherlands). The responses of the diaphragm, intercostal muscles, and functional residual capacity (FRC) to inhalation of histamine were studied from these recordings. EMG activities were also monitored by an audio monitor.
All subjects were tested in the sitting position. They were seated in a relaxed posture and were asked to remain in that position until the end of the recording. Thus, with good cooperation from our subjects we were able to minimise the effect of the postural muscles on recorded EMG activities. To divert their attention from breathing they were asked to concentrate on a poster placed in front of them.
EXPERIMENTAL PROTOCOL
The provocative concentration of histamine (PC20) at which the forced expiratory volume in one second (FEVy) fell by 20% of the prechallenge value was determined on day 1 with a histamine challenge test using the method of Hargreave et al. '9 On day 2 the effects of inhaling one single concentration of histamine on EMGs of the diaphragm and intercostal muscles and on the FRC were studied. This concentration was the one at which on day 1 FEV, had fallen by 20% or more or, in case of a non-responsive subject, the highest concentration used on day 1 (.8 mg/ml). After the subject had been connected to the breathing circuit the recording was started. The recording included at least five stable control breaths and continued for the two minutes of histamine inhalation and a further 1.5 minutes thereafter. Subsequently, 600 jg of salbutamol (Ventolin) was administered by a standard metered dose inhaler. Fifteen minutes later the single dose histamine test was repeated. In order to evaluate the effects of histamine and salbutamol on airway mechanics, respiratory resistance and FEV, were determined on four occasions: before histamine (control), after inhalation of histamine, 15 minutes after inhalation of salbutamol, and after a subsequent inhalation of histamine.
PULMONARY FUNCTION MEASUREMENTS
Changes in FRC (AFRC) in response to histamine were calculated from the spirogram.
Forced vital capacity (FVC) and FEV, were obtained by standard spirometric measurements (Fukuda Sangyo). All values were related to the reference values of the European Community for Coal and Steel. 20 Respiratory resistance was determined by means ofthe forced oscillation technique which has been described in detail elsewhere.2' It has been reported that respiratory resistance measured at low frequencies correlates well with airway resistance. 22 In the present study the resistance at 6 Hz was used (Rrs6).
DATA ANALYSIS
Mean values of end tidal EMG activity and of peak EMG activity were calculated from five consecutive breaths recorded about 60 seconds after the inhalation of histamine had been stopped. These mean values will be referred to as EMGetHIST and EMGpkHIST respectively. In a similar way we determined EMGpkCTRL from the recordings of five consecutive control breaths of the same experiment taken from the last part of the control period. ETIA is represented by EMGet. In order to minimise the effects of instrumental, intersubject, and intrasubject scatter in the measured EMG activity ETIA was expressed as a percentage of EMGpkCTRL and, for the same reason, EMGpkHIST was also expressed as a percentage of EMGpkcTRL.
Changes in FRC were determined from the difference in FRC between the same groups of breaths, five control breaths, and five breaths butamol. FEVy decreased and Rrs6 increased in response to histamine. After salbutamol, inhalation of histamine only slightly affected these indices of bronchoconstriction.
EMG AND SURFACE ELECTRODES
It has been reported that the electrical activity ofthe diaphragm detected by surface electrodes is comparable with that detected by oesophageal electrodes23"25 and it is concluded that there is only a minimal contamination from the activity of other chest muscles. In man electrical expiratory activity was found in the transversus abdominis muscle but not in the external oblique or the rectus abdominis muscles during expiration.26 It is not likely, therefore, that the EMG of the diaphragm detected by surface electrodes is contaminated by electrical activity of abdominal muscles during expiration. Furthermore, the relationship between surface and oesophageal EMGs has not been found to be modified by changes in lung volume.2527 Contamination of inspiratory EMGs by expiratory activity is unlikely since our results for the EMGs of the diaphragm and intercostal muscles (figs 3 and 5) were comparable and were qualitatively the same as those found in our experiments in animals2 in which we used intramuscular electrodes. The use of surface electrodes to record EMGs of the diaphragm and intercostal muscles during the experimental conditions used in this study therefore appears valid.
INDICES OF BRONCHOCONSTRICTION
Several pulmonary function variables can quantify the patency of the airways. FEV1 decreases with increasing bronchoconstriction. It has been shown that Rrs6 is increased in patients with chronic obstructive pulmonary disease (COPD) and with asthma. 22 The present study shows that inhalation of histamine is a powerful stimulus for inducing ETIA, both in the diaphragm and in intercostal muscles in man. After inhalation of salbutamol histamine induced ETIA was considerably reduced, indicating that bronchoconstriction was involved in causing ETIA and, by extrapolation of the abovementioned findings obtained in experimental animals, this would mean that the enhanced ETIA after administration of histamine is mainly due to mechanical stimulation of rapidly adapting pulmonary receptors by bronchoconstriction. This will be discussed in more detail below. Slowly adapting receptors are stimulated by increased lung volume, so if stimulation of slowly adapting receptors also inhibits ETIA in man, histamine induced hyperinflation may diminish the magnitude of histamine induced ETIA through rapidly adapting receptors.
After The contribution of chemical stimulation to the total stimulation of rapidly adapting receptors may depend on the concentration of histamine used. In subjects with bronchial hyperresponsiveness a low dose of histamine causes a firm bronchoconstriction with corresponding mechanical stimulation of rapidly adapting receptors but, because of the low histamine concentration, chemical stimulation of the receptors may be small. The PC20 of eight of our nine subjects in the subgroup discussed above was . 8 mg/ml histamine, thus the concentration of histamine administered to these subjects was rather high (mean 12.5 (1.9) mg/ml). In the remaining 12 subjects the concentration was lower (mean 9.68 (2.03) mg/ ml). It is likely, therefore, that the conclusion derived from the subgroup of the nine nonresponsive subjects will also apply to the responsive subjects -namely, that mechanical stimulation of rapidly adapting receptors is the more important stimulus in histamine induced ETIA.
The properties of rapidly adapting receptors suggest a positive feedback mechanism as stimulation of the receptors induces reflex bronchoconstriction which in turn stimulates the receptors. However, the concomitant increases in ETIA and flow limitation result in an increase in FRC which is beneficial by increasing the diameter of the airway.
ETIA AND HYPERINFLATION
In asymptomatic asthmatic subjects the end expiratory pleural pressure has been shown to be more negative during histamine induced hyperinflation than can be accounted for by the chest wall relaxation pressure, indicating the presence of ETIA.'4 Therefore, in addition to airflow limitation ETIA may be one of the causes of hyperinflation. As mentioned before, after administration of salbutamol + histamine the FEVy and Rrs6 reached levels which were comparable to their pre-salbutamol control values. It is likely, therefore, that the small histamine induced increase in FRC after salbutamol (table 2, fig 4) is solely due to ETIA which is also small in that condition (fig 3) . Siafakas et a133 showed that there is a close proportional relationship between phrenic activity and the driving pressure of the respiratory system during inspiration. In static respiratory conditions this pressure is linearly related to lung volume in the middle of the range. 34 In quiet breathing, as occurred in our experiments, static conditions are approximated at the turning points of inspiration and expiration. The findings of Siafakas et al suggest that, in control conditions with quiet breathing restricted to the mid-range of lung volumes, tidal volume (VT) is proportional to peak EMG activity and, further, that ETIA alone may account for an increase in FRC equal to ETIA times VTCTRL (AFRC = ETIA . VTCTRP). Note that ETIA is expressed as a percentage of EMGpkCTRL. Computation of this product for the total group of 21 subjects using the mean values of ETIA for the diaphragm and intercostal muscles resulted in the following estimated values for AFRC for ETIA alone: 328 (55) ml for the experiments before salbutamol and 90 (24) ml for the experiments after salbutamol. A comparison ofthese data with those measured for AFRC (table 2) suggests that the contribution of ETIA to histamine induced hyperinflation in our experiments is larger than that of flow limitation before salbutamol and that ETIA is the sole determinant of hyperinflation after salbutamol, which is consistent with the absence of flow limitation in that condition.
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